Angkak (red mold rice, red yeast rice, Chinese red rice) is a traditional Chinese medicine produced by solid-state fermentation of cooked non-glutinous rice with Monascus species. The secondary metabolite of Monascus species, monacolin K /lovastatin, has been proven to lower blood lipid levels. In this study, a coculture of Monascus purpureus MTCC 369 and Monascus ruber MTCC 1880 was used for angkak production. Four medium parameters screened by Plackett-Burman design were optimized by response surface methodology for highest lovastatin production in angkak during solid-state fermentation by the coculture. Maximum lovastatin production of 2.84 mg g -1 was predicted in solid medium containing 20 g rice and 40 ml liquid nutrients medium (malt extract 9.68 g l 
INTRODUCTION
Angkak (red mold rice, red yeast rice, Chinese red rice) is a traditional Chinese medicine produced by solid-state fermentation of cooked non-glutinous rice (Orizae sativa L. (3, 6, 9, 14) . The angkak has long been recognized as a folk medicine for improving food digestion and blood circulation and for treatment of muscle bruising and dysentery.
Gramineae) with Monascus purpureus, M. ruber, M. anka and

M. pilosus
The manufacturing process for angkak and its therapeutic applications are well documented in the ancient Chinese pharmacopoeia (Ben-Taso-Gum-Mu) (9, 12) . Recent chemical investigation and clinical observation show that angkak contains different secondary metabolites: lovastatin (HMG Co A reductatse inhibitor), also known as monacolin K, which lowers blood lipid levels in animal models and in humans, γ-aminobutyric acid (GABA) which has blood pressure lowering effects, dimerumic acid which is antioxidant, and monascin which has anti-inflammatory effects (6, 10, 11, 24) .
A previous study on red mold rice production by
Monascus species under monoculture conditions showed that secondary metabolites production is greatly affected by fermentation medium, cultivation conditions and types of Monascus species used in the fermentation process (1, 5, 13, 21, 23) . Increasing concentration of lovastatin in angkak was a prime area of research in order to produce high quality bio-*Corresponding Author. Mailing address: Pharmaceutical Biotechnology Laboratory, Department of Pharmacognosy and Phytochemistry, Faculty of Pharmacy, Jamia Hamdard (Hamdard University), Hamdard Nagar, New Delhi, India-110062.; Tel.: +91-11-26059688 Ext 5615 FAX: +91-011-26059663.; E-mail: mali_hamdard@yahoo.co.in Production of angkak by Monascus sp nutraceutical or health functional food (4, 11, 22) . During process optimization, screening or selection of important parameters influencing fermentation productivity is initially carried out by barrowing method or by Plackett-Burman design, and finally the screened parameters are optimized using different advanced statistical techniques (3, 7, 8, 15) . Response surface methodology (RSM) is a widely used technique for optimization of fermentation process parameters. RSM based on Box-Behnken's design has some advantages over other designs like central composite and full factorial design. RSM requires less experiment runs, and is suitable for multiple factor experiments, search for relationships between factors, and for finding the most suitable condition and prediction of response (8, 19) . and Monascus ruber MTCC 1880, were used together as inoculum for production of angkak. The effects of medium parameters on lovastatin production were studied and screened by Plackett-Burman design (PBD) and their optimum levels were determined by response surface methodology (RSM).
MATERIALS AND METHODS
Chemicals and raw materials
Pure lovastatin was a gift from Ranbaxy Laboratories (New Delhi, India). HPLC grade acetonitrile was purchased from Merck (Bombay, India). Microbiological media and chemicals were purchased from Himedia Laboratories (Bombay, India) and long nonglutinous rice was purchased from a local market of New Delhi, India.
Microorganisms
Cultures of Monascus purpureus MTCC 369 and
Monascus ruber MTCC 1880 were obtained from Institute of Microbial Technology (IMTECH), Chandigarh, India. Fungal cultures were maintained routinely on potato dextrose agar (PDA) medium and subcultured in every 30 d interval (3, 19) .
Preparation of mixed seed cultures
Spore suspensions of M. purpureus and M. ruber were prepared separately from actively growing slants in sterile water and diluted to a concentration 5.7 × 10 3 spores ml -1 .
Spore counting was carried out using a hemocytometer. Spore 
Solid -State Fermentation (SSF)
Long grain, non-glutinous rice was purchased from a local market of New Delhi, India and used as substrate for angkak production under solid-state culture. Initially 20 g of presoaked rice was transferred to a 250 ml conical flask to which 40 ml of distilled water containing different nutrients (Table 1) was added. The pH of the medium was adjusted to 6.0 with 
Extraction of lovastatin from angkak
Angkak ( by a UV-detector at 235 nm (18, 19) .
Screening of nutrient parameters
Peptone, glucose, glycerine, NaCl, NH 4 (Table 3) . Therefore these four medium parameters were chosen for further optimization by response surface methodology (3, 19, 20) . The various levels of nutrients are summarized in Table 4 . An experimental design of 29 runs containing 3 central points ( angkak. An optimum value of the factors for maximum production of lovastatin was determined by the point prediction tool of the software. Table 5 . Results were analyzed using the 
